Background: The present study examined the recent trends in body mass index (BMI) and waist circumference (WC), and the prevalence of general and abdominal obesity among children and adolescents in Shandong, China. Methods: Data for this study were obtained from two cross-sectional surveys of schoolchildren carried out in 2010 and 2014 in Shandong Province, China. A total of 72 755 students aged 7-18 years were included in this study. The BMI cutoff points recommended by the International Obesity Task Force were used to define overweight and general obesity. Abdominal obesity was defined as waistto-height ratio (WHtR) 0.5. Both BMI and WHtR were used to define three types of obesity as follows: general obesity only, abdominal obesity only and combined obesity. Results: For both boys and girls, an increasing trend in BMI and WC was observed between 2010 and 2014 (p < 0.01), WC has increased faster than BMI. The sum of the prevalence of the three types of obesity increased from 16.63% (boys) and 8.13% (girls) in 2010 to 20.37% (boys) and 11.61% (girls) in 2014 (p < 0.01). Conclusion: WC and abdominal obesity increased faster than BMI and general obesity among children and adolescents between 2010 and 2014. This study also suggested that distinguishing the types of obesity and examining the prevalence of various types of obesity are useful in practice.
5.1% of Chinese children and adolescents aged 7-18 years were overweight and obese, representing an estimated 30.43 million individuals [8] . As childhood obesity is associated with many health risks and track into adulthood, the widespread prevalence of obesity in children and adolescents has become an important public health concern facing the world today [9] [10] [11] .
Body mass index (BMI) is perhaps the most commonly used measure for defining overweight and obesity in clinical practice and population surveys [12] . However, BMI cannot distinguish between fat and fat-free mass; it provides no information on body fat distribution [13, 14] . Waist circumference (WC) is considered as a simple, available and inexpensive anthropometric measurement, giving relevant information about fat distribution and reflecting the degree of abdominal adiposity in children [15, 16] . More importantly, several studies have confirmed that WC provides information beyond BMI in the assessment of obesity-related health risk in clinical settings [17, 18] .
Shandong Province, located in the lower reaches of the Yellow River, facing Japan and the Korean Peninsula to the east, is an important littoral province in East China. It has a total area of 156 700 km 2 (about 60 500 miles 2 ) and a total population of 97.47 million in 2014 (http://www.stats-sd.gov.cn/ tjnj/nj2015/new/indexch_new.htm). The secular trends in BMI among children and adolescents in this region has been reported in our previous study [19] . Briefly, the average value of BMI has increased over time; the prevalence of overweight and obesity among children and adolescents aged 7-18 increased from 1.54% and 0.04% for boys and 1.27% and 0.03% for girls in 1985 to 19.06% and 9.33% for boys and 13.42% and 2.42% for girls in 2010. However, little is known about the changing trends in WC and abdominal obesity. In this article, we examined the recent trends in BMI and WC, and the prevalence of general and abdominal obesity among children and adolescents from 2010 to 2014 in Shandong, China.
S U B J E C T S A N D M E T H O D S
The study was approved by the ethical committee of the Shandong Center for Disease Control and Prevention, Shandong, China.
Study population
Data for this study were obtained from two national surveys on students' constitution and health carried out by the government in 2010 and 2014 in Shandong Province, China. (The first author is the leader of the investigation team in Shandong.) A total of 72 755 (42 296 in 2010 and 30 459 in 2014) students of Han nationality from 17 districts, aged 7-18 years, were included in this study. The sampling method was stratified multistage sampling based on selected primary and secondary schools. Six public schools (two primary schools, two junior high schools and two senior high schools) from each of the 17 districts in Shandong were randomly selected and invited to participate in the survey. From the selected schools, two classes in each grade were selected, and all students of the selected classes were invited to join the study. All subjects were primary and secondary students, ranging from 7 to 18 years of age, and all were of Han ancestry that accounts for 99.32% of the total population in Shandong. Most importantly, the schools from which the subjects were sampled, and the method and quality control of measurements of two surveys were the same.
Measurements and definitions
All measurements were performed by a team of trained health professionals in each of the 17 districts. Each professional is required to pass a training course for anthropometric measurement organized by the investigation team in Shandong. All measurements were taken using the same type of apparatus and followed the same procedures. Height without shoes was measured using metal column heightmeasuring stands to the nearest 0.1 cm. Weight was measured using lever scales to the nearest 0.1 kg while the subjects wore their light clothes. WC was measured midway between the lowest rib and the superior border of the iliac crest with an inelastic measuring tape at the end of normal expiration to the nearest 0.1 cm. BMI was calculated from their height and weight (kg/m 2 ); waist-to-height ratio (WHtR) was calculated as WC divided by height. The BMI cutoff points recommended by the International Obesity Task Force were used to define overweight and general obesity [20] . Abdominal obesity was defined as WHtR 0.5 [21] . Furthermore, both BMI and WHtR were used to define three types of obesity as follows: general obesity only, abdominal obesity only and combined obesity (high BMI with high WHtR).
Statistical analyses Z-scores of BMI and WC were calculated from the national reference values [22] , and comparisons of BMI and WC between 2010 and 2014 were made by t test. Chi-square test was used to show the difference in prevalence of overweight and obesity in different years. All analyses were performed with the statistical package SPSS 11.5. Significance was defined at the 0.05 level.
R E S U L T S
Changes of BMI and WC Mean values of BMI and WC by gender and age groups in different years is shown in Table 1 . From 2010 to 2014, the mean values of BMI for children and adolescents aged 7-18 years increased by 0.04-0.80 kg/m 2 for boys and 0.07-0.69 kg/m 2 for girls. Significant differences were found in boys aged 8-9 and 11-15 years, and girls aged 8-15 years (p < 0.05). The corresponding increments of WC were 1.32-2.83 cm for boys and 1.23-2.88 cm for girls; significant differences were found in all age groups (p < 0.01). BMI and WC Z-scores of children and adolescents in different years is shown in Fig. 1 . For both boys and girls, an increasing trend was observed between 2010 and 2014 (p < 0.01), indicating that children and adolescents had higher BMI and WC levels in 2014 compared with 2010. The increments of BMI and WC Z-score at each percentile are shown in Figs 2 and 3 . On the one hand, Z-scores of BMI and WC had larger increase at high percentile than those at low percentile; on the other hand, WC Z-score had higher increase than BMI Z-score at each percentile, indicating that WC of boys and girls had increased more than BMI between 2010 and 2014.
Trends in the prevalence of overweight and obesity The prevalence of overweight and obesity among children and adolescents is shown in Table 2 . The prevalence of overweight and general and abdominal obesity was significantly higher in boys than in girls (all p <0.01). Similarly, for both boys and girls, children (aged 7-12 years) had higher prevalence of overweight and general and abdominal obesity than adolescents (aged 13-18 years) (all p <0.01). An obvious increase in overweight and obesity was observed between 2010 and 2014. For boys, the overall prevalence of overweight and general and abdominal obesity increased from 17.3%, 7.4% and 16.0% in 2010 to 18.7%, 9.3% and 19.7% in 2014, respectively (all p <0.01), and for girls, these figures are from 11.8%, 2.7% and 7.6% in 2010 to 13.8%, 3.9% and 10.9% in 2014 (all p <0.01). Interestingly, the prevalence of abdominal obesity increased by 3.7 (boys) and 3.3 (girls) percentage points, while general obesity increased by 1.9 (boys) and 1.2 (girls) percentage points, indicating that the prevalence of abdominal obesity had a faster increase than general obesity over the past 4 years.
Based on BMI and WHtR, obese individuals were reclassified into three types (general obesity only, abdominal obesity only and combined obesity), and their prevalence is shown in Table 3 . Abdominal obesity only and combined obesity had a significant increase between 2010 and 2014. For boys, the prevalence of abdominal obesity only and combined obesity increased from 9.3% and 6.7% in 2010 to 11.0% and 8.7% in 2014, and for girls from 5.4% and 2.2% in 2010 to 7.7% and 3.2% in 2014, respectively (p < 0.01). For boys, no obvious change was observed in general obesity only (p > 0.05). Overall, the sum of the prevalence of the three types of 
D I S C U S S I O N
Several studies have examined the secular trend in WC and BMI among children and adolescents, consistently showing that WC has increased faster than BMI. Mindell et al. [23] found that the mean WC in British adolescents appears to have increased more than mean BMI in the past 20-30 years. Garnett et al. [24] examined the changes in both BMI and WC in Australian children aged 7-15 years between 1985 and 2007, and found that the increase in WC was greater than in BMI. Liang et al. [25] also reported that WC increased at a relatively higher rate than BMI among Chinese children and adolescents aged 6-17 years between 1993 and 2009. Similar results were also seen in a longitudinal study that reported a steeper increase in WC compared with BMI [26] . A recent review concluded that the secular increases in WC have been larger than those for BMI [27] . In the current study, we found that WC and abdominal obesity increased faster than BMI and general obesity among children and adolescents between 2010 and 2014. Therefore, together with previous studies that compared with general obesity, abdominal obesity is associated with greater cardiovascular risks [15, 28, 29] , we suggested that prevention strategies should be focused most on abdominal obesity.
BMI and WC are two most popular indicators for assessing general and abdominal obesity. However, it has been recognized that individuals with a similar BMI can vary considerably in their abdominal fat mass, particularly among Asian populations where Table 2 . individuals may exhibit a 'normal' BMI but have a disproportionately large WC [30] . In other words, children and adolescents with normal BMI category may suffer from abdominal obesity. For example, Kovacs et al. [31] reported that 3.66% (3.38% for boys and 3.92% for girls) of the normal weight children aged 7-15 years in the Budapest LEARN study had abdominal obesity. Mokha et al. [32] also reported that 9.22% (10.77% for boys and 7.72% for girls) of the normal weight children and adolescents aged 4-18 years in the Bogalusa Heart Study had abdominal obesity. In the current study, we found more than half of the obese children and adolescents had abdominal obesity only, and the prevalence of abdominal obesity only was 11.04% for boys and 7.72% for girls in 2014. These individuals may exhibit as normal weight or overweight, and their health risks would be missed or underestimated if screened by BMI alone. Therefore, together with previous studies [33, 34] , we suggested that the additional measurement of WC is better than BMI alone to help identify elevated health risks among children and adolescents. It is well known that BMI cannot distinguish between fat and fat-free mass, and it provides no information on body fat distribution, and elevated BMI might not necessarily reflect increased adiposity [13, 14] . Muscular individuals can show a large BMI without having an unhealthy level of fat, and may be misjudged as obese. WC, by contrast, gives relevant information about fat distribution and reflects the degree of abdominal adiposity [15, 16] , which provides information beyond BMI in the assessment of obesity-related health risk [17, 18] . Khoury et al. [35] reported children with high BMI but low WHtR (general obesity only) had cardiometabolic risk factor levels approaching that of the subjects with a normal BMI. In the current study, we found <1% of the children and adolescents had general obesity only; their health risks would be overestimated if screening by BMI alone.
Two limitations are noted. First, data for this study were acquired from two independent crosssectional surveys rather than from a longitudinal cohort study, thus preventing further assessment of cohort and time effects. Second, measurement of WC was included in the national survey on students' constitution and health from 2010, and thus the period of observation was relatively short (spanning 4 years); further study should be done in the future.
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